Introduction
The aim of this STSM was mainly to contribute to the working group (WG) 1 goals and RC (research challenge) 3 of conducting a species gap-analysis in reference libraries of European aquatic biota relevant for the Water Framework Directive (WFD, 2000/60/EC) and the Marine Strategy Framework Directive (2008/56/EC) (Leese et al. 2016) . The specific tasks were: 1) create, by compiling data from existing databases (e.g. AMBI, Macroben), a checklist of species for the dominant groups of benthic macroinvertebrate taxa used in biomonitoring of transition and coastal waters -Annelida, Crustacea and Mollusca -along the western European (EU) Atlantic coast; 2) create a dedicated BOLD dataset project to initiate the compilation of a core COI-5P DNA barcode reference library for European benthic macroinvertebrate taxa occurring in transition and coastal waters; 3) audit and annotate the reference library records compiled in task 2 and 4) conduct a species gap-analysis by comparing the checklist generated in task 1 with the curated dataset generated in task 3.
Results
Task 1. Create by compiling data from existing databases a checklist of species for dominant groups of benthic macroinvertebrates used in biomonitoring of transition and coastal waters -Annelida, Crustacea and Mollusca -along the western European (EU) Atlantic coast. A checklist of 2,525 marine invertebrate species occurring in transition and coastal waters of the western EU Atlantic coast was compiled by using as basis the species list of the AZTI's Marine Biotic Index (AMBI) (5,319 species), retrieved from the AMBI 5.0 software (http://ambi.azti.es) (Borja et al. 2000) , as well as a species occurrence list from the Basque Country monitoring network of coasts and estuaries (840 species), both provided by the host. The taxonomic classification of the retrieved soft-bottom macroinvertebrate species was done through the World Register of Marine Species (WoRMS) database (www.marinespecies.org). All records with taxonomic ranks higher than species level were removed from the list and only species with accepted scientific names were maintained in the list. An ordination of the list through the accepted scientific names enabled to remove any replicated records. Up to 88 % of the species in the list fell into the three target groups -Annelida, Crustacea and Mollusca. For species in the initial list for which no registers were found in WoRMS, the taxonomic classification was done through the Integrated Taxonomic Information System (ITIS) (https://www.itis.gov/) database. Since our geographic target was the western EU Atlantic coast, the geographic distribution of each species in the list was assessed through the WoRMS, as well as by the Ocean Biogeographic Information System (OBIS) (http://www.iobis.org/). Thus, our final list comprehended a total of 2,525 species occurring in the western EU Atlantic coast comprehending 1,055 species of Annelida, 853 species of Crustacea and 617 species of Mollusca. Task 2. Create a dedicated BOLD dataset to initiate the compilation of a core COI-5P DNA barcode reference library, by including all published records previously generated by both research groups, as well as publicly available records on BOLD or Genbank, where DNA barcodes were generated for the taxonomic groups and over the geographic range detailed in 1. A dataset "DS-EUMARINV, European Marine invertebrates with DNA barcodes" was initiated on BOLD (http://v4.boldsystems.org/) and included records generated by both research groups, as well as other published records from BOLD projects that generated barcodes for invertebrate marine species occurring in the western EU Atlantic coast (Table 1) . Table 1 . Original projects and codes, and associated publications, from which DNA barcodes for the three target groups were compiled and added to the dataset DS-EUMARINV. The generated dataset included 1,790 records with 1,056 COI-5P DNA barcodes belonging to Crustacea, 570 to Mollusca and 164 to Annelida, covering a total of 536 morphospecies. These were assigned to 566 Barcode Index Numbers (BINs): 78 Annelida morphospecies were assigned to 82 BINs, 292 Crustacea morphospecies were assigned to 312 BINs and 166 Mollusca morphospecies were assigned to 172 BINs. Overall, 368 BINs were concordant, 17 were discordant and 181 were singletons.
Task 3. Audit and annotate the reference library records compiled in 2. The records compiled in the dataset DS-EUMARINV were not yet audited and annotated since the best way to conduct this process and the criteria to be used are still under discussion by the proponent and the host institutions. However some agreement between the proponent and the host institutions was reached in what respects some aspects: i) an automated workflow should be created, using as basis the one proposed by Oliveira et al. 2016 , in order that any change introduced in the auditing protocol could immediately be applied to a reference library that is under construction, what would not be possible when auditing and annotating manually; ii) use only sequences that are barcode compliant (minimum length of 500 bp; <1% ambiguous bases; presence of 2 trace files; minimum of low trace quality status and specification of the geographic location) and iii) preferentially datasets should contain at least 4 barcodes per species and generated by different laboratories.
Task 4. Conduct a species gap-analysis by comparing the checklist generated in 1 with the curated dataset generated in 3. Although in the initial proposal we aimed to perform the species gap-analysis by comparing the checklist generated in 1, with the curated dataset generated in 3, we took profit of the tool "Species checklist" and the options "Progress Report" and "Hit list" in BOLD v4 to conduct the species gap-analysis. By using this tool, we uploaded a species checklist entitled "CL-AMEU, AMBI European waters". The % of species with DNA barcodes was below 50% for all the targeted groups (ca. 49 % Crustacea, 44 % Mollusca and 41 % Annelida). (Table 2 ) and were distributed by 83 families, 11 orders and 3 classes, among Crustacea; by 67 families, 8 orders and 4 classes, among Mollusca and by 45 families, 7 orders and 2 classes, among Annelida. 
Final Remarks
In the current study, a gap analysis was conducted for marine invertebrate species belonging to the three dominant groups occurring in transition and coastal waters of the western EU Atlantic coast -Annelida, Crustacea and Mollusca. We took profit of the possibility of conducting directly gap-analyses in BOLD v4 to fulfil this task, where the only requirement is the upload of species checklists. A progress report with the % of species barcoded and a hit list with the species from the list needing barcodes are immediately generated. For compiling our species checklist, the list of species used to calculate the AZTI's Marine Biotic Index (AMBI) was used as basis. The AMBI is currently used as a component of the benthic invertebrates' assessment by several Member States within the North East Atlantic and describes the sensitivity of macrobenthic species to both anthropogenic and natural pressures (Borja et al. 2000) . Thus, the list of species used in AMBI is highly relevant for the WFD and the Marine Strategy Framework Directive. The % of barcoded species was similar for the three groups, varying between 41 to 49 %. Although a strong effort was made to compile an accurate list as much as possible, this list will need constant update, particularly a regular verification of the species nomenclature. One of the most pertinent problems faced during the compilation of the list was how to deal with the species synonyms. We tried to solve this issue by matching our original list against WoRMS and ordering the species by the accepted scientific names. However, this will not solve entirely this problem because the species nomenclature on BOLD do not seem also to be regularly updated. Just as an example, the names of the mollusc species Nassarius incrassatus and Nassarius reticulatus were recently altered to Tritia incrassata and Tritia reticulata; thus our list already includes the species with the updated names but in BOLD the former names are those that are still in use. This is something that needs to be carefully addressed in next WG1 meetings. We also initiated the compilation of a core COI-5P DNA barcode reference library in BOLD comprising 1,790 barcodes generated by both research groups, as well as other published records from BOLD projects. However, the dataset was not yet audited and annotated since the best way about how to conduct this process and the criteria to be used are still under discussion by the proponent and the host institutions. The quality assurance of the barcode reference libraries is also a point that is still under discussion by the WG1, which in the last meeting held on the past 9th of March, have proposed to arrange an auditing group that shall develop a minimum set of requirements for an auditing workflow in how data of reference libraries should be curated. The current STSM was highly profitable in starting a checklist and a core COI-5P DNA barcode reference library that comprises relevant invertebrates' species occurring in transition and coastal waters in the western European Atlantic coast. It also allowed to start a collaboration between the two institutions -University of Minho and AZTI-Tecnalia, which will continue in the near future. For instance, we propose to start to prepare a COST action manuscript on the reference library and gap-analysis for the marine EU species, meant to be submitted for publication after collection of additional contributions from COST participants, and fair completion of the library and annotation. In addition, an abstract with the major findings attained during this STSM, in what respects the gap-analysis, will be submitted to the 7th International Barcode of Life (iBOL) conference (http://dnabarcodes2017.org/).
